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Abstract Mixed photocatalyst containing cadmium sulfide and zinc sulfide was prepared on silica

gel powder and Nafion film. Photo—irradiation of aqueous mixture containing the photocatalysis

generated hydrogen by water cleavage reaction. Use of sodium sulfide as sacrificial reagent help

the photo—reaction. Evolution of the hydrogen was measured by gas chromatographic analysis.

Composition of the catalyst was determined by atomic absorption spectrophotometer. 0.2 mL of

of hydrogen was generated per hour. The maximun catalytic activity was obtained after 8 —12

hours later. Hydrogen generation efficiency by the two different catalytic system was compared

and showed that the Nafion—based catalyst is more efficient than the silicagel —based catalyst

for the photoreaction
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(CB)E Aol7t dojutx ofo] 5] electon—hole
pair7t QA s ojof &} (Fig. 1). AAE electron—
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Fig. 1. A Diagram of Energy Level of TiO, The
Diagram shows that sunlight has a week in-
tensity in the wave number which corre-
sponds to the energy gap of TiO,.
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3318 ¥gg 9F FYe2ME 500 W Xenon
lamp& A}&3d%en Xenon lampe] H%43 dd

& $1% power supplys A 2Asted ALR3A
Lamp housing2 F719] collimating lense$} reflec-
tion mirror24] lampe] 2-& FHFsHA =Helglon
cooling fano] ZA&E o] Rt} (Fig. 2). Age] ¥
2% 7] A4S oF 5000V7 WostHen, ¥4
Zo] AL 20 amperes, 20 volisE FAFH Q).
Lamp housing lamp® ¥E WY == ozoneg)
Hal& &R @7 AsH hoodol M FEEt] AL
3%ttt Lamp housingof| Al -2 #F2 1749 B2
dze oafia thAl YBAN F HAAL S AR
el 32 Ao WANA gLl Yo
oA &%t BEWRE WA= holderE mag-
netic baseel] A 3A]A iron plate Yo ZAAZ o
& iron plate® I HAIZ) jack 02X Eols} A
HA sd. ¥3-871= 30mL Pyrex vial (2%
A, 2.5cm, Ao] 8cm)-& rubber septum o 2 A ut
2 X t}A] copper wireE2A ZAW X ALLEHY
o}

e}l a8 Radiometer (United Detector
Technology, Inc., 40x Opto—Meter)¢}] Cosine dif-
fusor (1000 : 1)¢} Neutral Density filter (Melles
Griot Co., optical density, 3.0)& A& st &3
Aol Sz &4 HFE FH (AF lem)
< 2347 10,000mWe F ouizzt dojFle
o, ¥ggrle] 2HdM FAHPAS WE 5000mW
o B=Fo] FH UL

lié'gl
O |a

power supply
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Fig. 2. A Schematic Diagram of Photo—reaction
System.
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2.2 ZEDje| M=

£ A Ae" A R A8 OSH Zol
FAsle A=t} Silica gel powder (Junsei
Chemical Co.), Nafion film (Aldrich Co. Nafion—
117, 180zm thickness), Cd(NO;).-4H,O(Junsei
Chemical Co), Zn(NQ;),:6H,0 (Shinyo Pure Chemi-
cal Co.), Na,S-9H;0 (Ihizu Pharmaceutical Chemi-
cal Co.), H:S gas(Matheson Co.).

&2 AgeMe oldleg 2 4 FH AEFAE
Azsta] ole] 4 T Fgo W ¥iw AY
& A

(1) CdS&}+ ZnS7t &35 o] silica gel powderdl

43 7 2o (CdS-ZnS/Si0y)
(2) CdS¢t ZnS7F &§=lo] Nafion filme] 3
7 Znu) (CdS-ZnS/Nafion)

(3) CdSwt Nafion filmel] 8% Zo} (CdS/Na-

fion)

(4) ZnS%F Nafion filmel] 32 Zu} (ZnS/Na-

fion)

Z 0l 8] supporting material 2 4 & silica gel pow-
der9} Nafion filmo] A& = %ic}. Silica gel powder
t g3Hez mdFo Hr dEd gARAT
Astel whge] dojd 4 Y& VAo FHo=
g A=o] A&, Nafion filmE ion exchange

surface® Zt1 3lo] o] g2 mono—layer coat-

ingel 7teg F A B AP ALt £2E
Nafion filme FRFRA Zujszage] 2FE
Jdoz WA A FAl Utk

ZnS-CdS/Si0, oAl 2. & moles T2 Zn
(NO3):-6H:0  (0.340g) st  Cd(NO;),4H;0(0.355
g)% 50mL ol&fd] o EFLAE FE X
o] 7} ol oven—dried Si0O, powder (1.0g) 7}&Kth
EYEE 247 B¢ stirring F F HS gas§ X
A2 F4 50mLE AAME 7iEtd AxFR
AAg ARG EGEL 2447 stirringd F
glass filter (fine porosity) & <38} o glass filtery
o 9= 4 GBS 10THA 10-158 82
AR F doln ETF (1.23g)e A4
dark 4 ®El2 decicatorgte] RAFAHIT. o71A
Si0; Zvf ¢ YA sulfided] FS 023g2o=
A AA FAe 18.7%°lAth

ZnS-CdS/Nafion &r} A =. #Ax Nafiong& 3T

g 2712 ZT ovendlA HARAIZ £ FAE A
I(42mg), oA 2087 sEEe (60~907C)
Nafion filme] ¥4 ¥ BHE AASA TR A
1% 39 2 washingdl¥ich. &8¢ Nafion film
& Cd(NO;).-4H,O (0.5 mole, 29.748 g )&} Zn(NO
2)2:6H0(05 M, 30,849g)e =< &3 F§%0
A 1087 88 AYZ HS 2HS4L9Y 50mLEe
M3 7hstAch W ERES AL 2447
Hx)gk ¥ ZnS-CdS/NafionZdjg& &2 AW
washing ¥ t}3 E<&dA] 108 %<t sonicationd}
o ®A ofstAl FAE FolE AAIAL Fil-
ter paper2 A ZFul FH E7]& A AL dark
el & decicatordlA] AEF AZAZ T d4F &
o (49mg) & H L&A H@IGHTh Fofglo UH
7 sulfidee] %L Tmgo 24 BAFAL 14.3% o]
At ol 32 Aefo] Nafion Foj&E A &
ZY ol AT AP Folst FHos
Wt o]& 3& v}l sacrificial reagent7t g
deElel M B3 %3st jkgo] doju} Nafion 99
sulfide &vjo] ¥ 2alo] YA sulfider} 2F3tE Ao
2 Agdrh

ZnS/Nafion3} CdS/Nafiong] 9 o] Aladg
< A9 EFFH Azt e Hez AR
gtk ZnSE #M o7 Nafion 9o JUFHz
CdSE obF AF =FMo 7 YFHH,

23 #EMe =4 ¥ 24 &3

P&oje] 242 AAS,EDAX, XPSE A434
248 om, F&ule] B4 23L& SEMd ¢
A &d) BEe ¥4E BEPosA oFolFH.

B AYA FEu] =4 % E4E& FATN
Ystad A8 717 o 2k
Atomic Absorption Spectrophotometer (AAS),
Scanning Electron Microscope (SEM, ISI-DS
130C), EDAX (Philips Co. PV9900).

Atomic Absorption Spectroscopyol]l &% ZAE
4., =899 A= —Zn stock solution (1001.4
ppm) 3} Cd stock solution (1066.6 ppm)& &8 A
0.1, 0.5, 1.0 ppme BEEL YL AR oH, E
F8de o3 FFH dH Fig. 49 2o CdS-
ZnS/Si0; %9} Cdsl Znel ¥FEHLS JAFFY
(19mg) &l & Ak =<lF filtering (Whatman
filler #42)% € olL&4& 7138 500mL &4
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Fig. 3. The Calibration Curves of Cd and Zn from
the Analysis of Standard Solution by
Atomic Absorption Spectrophotometer.

Table 1. AAS Analytical Conditions for Analysis
of Nafion and SiO, Catalysts.

Standard Atomic Absorption Conditions for Zn and Cd
Analysis

Band Pass:1 nm

Slit Width:320 ym

cathode
Burner Head:Single

Zn Light Source : Hollow
Cd)*

Slot
Lamp Current:5(3)mA Wavelength:213.9
(228.8) nm
Sensitivity :0.01 zg/mL  Linear Range:1l (2)
re/L

Flame Description : Air—acetylene
Oxidizing, Fuel Lean, Blue

» Values on parenthesis are correspond to Cd measure-
ment.

+ UEF o] £9¢ thA] 1082 2 Hstd AAS
A& &k CdS-ZnS/Nafion &9 ZAZEHES
Ao (25mg) FeolE A FAde = F (60
CTolA 10 £7F) Nafion filmg AAE g o
4& 718t 500mL §¥& wET o]§ thA 5uf
£ 3M3ste AAS E4¢g 3tk AASe ¥4z
AL Table 13 2t} .

Cd, Zn o] &4 g FFHL Fig. 3g¢] 0.1-1.
Omg/L8 $el A Lineardtsl Uelstony, FFHdo
2 2E AdE Z ol28 ¥ UL Fo:
CdS-ZnS/Si0, & —Zn (0.24 ppm, 3.7 mmole),
Cd (0.46 ppm, 4.1 mmole) ; CdS:-ZnS/Nafion &
—~Zn (0.46 ppm, 7.1 mmole), Cd (0.28 ppm, 2.5
mmole). AASe] &3 BN Axz FE Si0, 3of
olx= Z2 mole ¢ Zn, Cd o]&°] EAEE &
4 132, Nafion Zwufelli= Zn o] 0] Cd o] 29
vlate] 3y #Fgoz gl YENT

FSw= SSTSCNT
A =powder
8

Sike
)
S Ka
Cdllx
. ZnKu
. .. —— A
i 2.0 4. 6.2 5.0
L7BCNT 8.684KEV 1ikVch A EDAX
A =4
S Ke
(8) ]
i 2.0 4% 6.0 8.2
2T2CNT 41.78KEV 10Vch A EDAX

Fig. 4. Analytical Results for Cd and Zn Analysis
by EDAX. (A) CdS:ZnS/SiO, catalyst. (B)
CdS-ZnS/Nafion catalyst.

EDAXel o3 24 BHo2 RE Fig 49 2
e 2=HEP dojgow oldg L ZHEH
238§ dArh:CdS-ZnS/Si0,—Cd(7.1£1.9
Atomic%), Zn(5.2+2.7%) ; CdS-ZnS/Nafion—Cd
(39.4+1.1%), Zn (6.1+4.9%). Si0, vl %4
o] H# EDAX BN AAS E4Ezst U
st o1}, Nafion &ufs] EDAXO] &% =4 £4
A AAS 43 wdlz Cd @3l Zn
Btk 46 e Ao JgNY. oldd &3¢
W] w& xtol= EDAX7E &riEHe 248 &
Aot vl AASE oy A =4S 33
sted ZQ8gdx AdZEch. & Nafion o7z}
Si0, &uje] v)&te sulfide 280l A ¥
Qe e S WPR et 2A dEude
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ZAog Heltl Nafion filme ©§ HAY THEFH
o] Si0¢] u|gle] AA FHemzg T2 WP X
of § A 3™ Nafion film $]o] sulfider} QY 5
AA 483 t5Ade] 2k, 2322 Nafion film
Aol sulfide® ¥AA H.S ¥3+&AEg nitrate 5
£de] 7b3tA] B il nitrate & Fo] A
Nafion film€ H,S &<d] WolA sulfided A A
71¥ Eut efn #d P sulfide coatingel YA
Aoz yAE.

SEMej <% BW ¥4 4 A9 AEE
gold coating ¥ ¥ 43 Ror, ZZe Fuj A E
g A &7 #d. Sio, Foleg 4§ Na-
fion Zuje] wjsted Bro] A FAFA coating
o] Holgl&& ¥ 4 AUtk Nafiono] Td v
7} 483 7§ (Cds/Nafion, ZnS/Nafion)+= ZnS/
Nafion Zv}j7} CdS/Nafion Zufjoj H]35l coating
B dxe 2ol A8 A A4E AR o
¥ Zt sulfide 83Eo] A dolyE micro—
crystallizaion 33 o] t}gde] 7IQ¥Etty A4
o,

24 ZEojolf £ 53

Fatet wgol Ag® Y& Xenon lampe| 3
& filterst®x] @a A HF P F& AH
pyrex A A wg&7o] ZASALH, FFHre
4 T EE FAHL O gl AAHUT
A ere] FZujE w27 (Pyrex vial, 30mL)e]
Y3 o7]4 NaS 5294 (01 M, 12ZmL)& ¥2
¥ septumo 2 {718 @] LA thE £
Zo ol Ye F7IE AAF AHAM &4E
vacuum A Ejol A sonication AlA A degassing&
AR F FA22 £71¢E purging AR AL ¥
A7l A Agoz FAH HGL7E FEAS
Aajol] AAAIZ]l ¥ of Aeit BEHE Fo
£ GCaAN TR GCe EH AL Table 2
ot k. GCeol 9% F£& BEAHE wg&71e 0.
5mLe) AAE gas—tight syringe2 A FUF W&
272 ®E 05mLe 7|AARE st GCo A
A AP ojRAFT FaE V==L
carrier gasql A xRt 222 TCDE negative po-
larity2 A st 2A=HAoH, FF A AL
H EFvlats B AFA BE/FE AZAAM 7

oft

Table 2. The GC Analytical Conditons for Hydro-
gen Analysis.

Experimental Conditions

Column Porapak Q 1/8" 6 ft S.S.
80—100 mesh

Carrier Gas nitrogen

GC Over Temperature 407C

Injector packed column injector,
100C

Detector TCD, 100°C, negative po-
larity

Sample 0.5 mL gas injected

Standard Gas 2063 ppm H;/N;

Avlax AzE Iz BEASE AHEEAT &
&2 AHER 7 Foje] ¥ g 2ok
CdS-ZnS/Si0;, 50mg (11.5mg sulfide) ; CdS-ZnS/
Nafion, (50mg) (7mg sulfide) ; CdS/Nafion, (50
mg) ; ZnS/Nafion, (50mg) .

GC BAMA] 44 peakd] AFL aznE1PIY
baselineo] ] &3 Ajvith FAA kol BAAEH
o] AHMAo] UYmeZ peak HA tHAlo] peak
height& AH&3tRAth
Fae FEE YWY +£29 volume (mL)o®

T g3 o] .

(when internal gas volume of reaction vial =

18mL)
nRT

Volume of Ho(L)) =

ppm of Hox W(g) of N.XxRT

MW of H;x 1,000,000 xP
= (ppm of H;) (0.000000252)

2 &ujel g A€ &4 A+ Fe. 5
ol zt}. CdS-ZnS/Nafion Zwj7} CdS-ZnS/SiO,
Zofo) ulsle @9 ATF £4& #A BEl F
u ola F:tou, Hdl FauH E&L SO F
el AL o "wAth Si0, &ufel A$ Fiel W
Ao vdAHezr 27 drt 1247 Fole o
ol4 =7telAl ¥okowl, CdS-ZnS/Nafion Zvie]
ASE Fad TAFl AT Frraast 84T
o2 toly FrhalA &%tk ol AIE ZnS
-CdS/Nafion &w}7} ZnS-CdS/Si0, &ef Bt Bxk
Lo % FAWE Hgol BE BT oY A
A QA BT # dojdrin E5 AT
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Fig. 5. Plots of the Catalyst’s Efficiency for the Hy-
drogen Generation. The efficiency was
measured by every hour for 4 different

photo —catalysts and compared.

ZnS<} CdSE Z+zt Nafiond] wE coating 3 @l
Zuo) Al&®)e] 79 ZnS-CdS/Nafion Zwnfje] u]&}
o Eg&el #AS Atk 53 CdS7t YA
e o}F gkl $4% (0.0lmL) H&E=HUh
ZnS Fwl7t CdS Zolo} u]sled band gap energy
7t Fe= B3R &l & AL AFPA 4
449 FYo] UV light& FFs= 71" ZnS &
7k 328 98E T & Ux dEolstn 47
Ho, CdS Zoj7} &gl ml$ F2 ol Yo
oA d71d Az} sl E B E recombi-
nation H& 71golgla AE).

3.8 B

2 AFeA AlzE FE0je B & ¥lw 494
I2 FE EFEd Aadlo] dd ZFof AAF
b3t B&o] ofF e & & UAMeH, F
Zuje] F-8-2 &9 supporting materialdl] u}z}
A aElz Az DEd wetd A aelst E€
& 5 AATh EFFo) HL olulx valence
bando] Q71 AA7E 2oh HA FE S siteR
22| =]o] recombinatione] HlwA AHA dojd 7}
S0 Atz A 28nE eFFe v
=AY FEHFoE ALY EEEAE ML
obx BEEOl $HF FHujo Lol ¥ F
RckE e
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